Abstract. With the emergence of various infectious diseases and epidemics, vaccination becomes more and more important. However, vaccination scheduling for CDC (Center for Disease Control and Prevention) is not easy because of diverse vaccines, multiple doses, and various demands for different year-old children. Furthermore, balanced utilization of vaccinated people should also be considered due to the expensive medical professionals and the potential need of epidemics. To address the above issues, a mixed integer programing model was proposed in this paper. A case study of a vaccination site in Nanshan District of Shenzhen City shows that maximizing the minimum vaccinated numbers per day can result in balanced schedule. The proposed model not only helps the CDC make scheduling decisions but also provides clear date of vaccination for children.
Introduction
With the release of the second-child policy, the issues of vaccination management has gradually emerged. On the one hand, different vaccine has different number of doses. Each dose exists a strict vaccination time window. The time interval between two doses also needs satisfy some specific condition, such as not less than 28 days. The total number of doses vaccinated within one day for one child should be not more than 2. On the other hand, the children and their parents may randomly arrive at the vaccination center for vaccination service, which leads to unbalanced utilization of vaccinated people. Because of the expensive medical professional staff for providing vaccination service, unbalanced utilization usually wastes labor force, and is not good for dealing with unexpected epidemic. These issues lead to the complexity of vaccination scheduling for CDC (Center for Disease Control and Prevention).
Current research mainly focused on vaccine inventory management [2] , cold chain transportation [7] and cost-benefit analysis [4] , etc. These are mainly considered from the perspective of vaccination station or vaccinated persons. Vaccination mainly includes: Increase the coverage of a certain vaccination [5] ; Safety evaluation of the vaccination schedule [8] ; How to formulate catch-up vaccine schedule in case of untimely and erroneous vaccinated [6] . The range of ages of vaccinated children considered in this type of literature is relatively narrow. According to the 2016 vaccination program in China, we can see that it takes 14 years for a child to be vaccinated against a type of vaccine prescribed in China (a vaccine that must be vaccinated). According to the survey, the reasons why children in China have not been vaccinated in time or have not been vaccinated mainly include: the child is ill, does not know to be vaccinated, thinks it is unnecessary, the vaccination station is too far away, traffic is inconvenient, and there is a shortage of vaccination staff [10] . The current research on vaccinations considers qualitative remedial measures afterwards. In China, remedies will lead to the waste of scarce medical hospitals after the event. The discipline of optimal planning has developed rapidly and medical resource scheduling has been widely used in recent decades [9] . It is significance that construct optimized vaccination schedules to solve the above problems. After the investigation, the application of medical resource scheduling included: operation room scheduling, doctors and nurses shift, patients reservation, Bed schedules. The scheduling problem includes a number of random variables, such as random service time (such as operation time or recovery time) and the time of arrival of random emergency patients, the main consideration is to maximize resource utilization [3] or minimize patient waiting time [1] . The above-mentioned literature either starts from the perspective of the hospital or only considers the waiting time of the patient. In fact, considering both at the same time will be of great significance. In addition, appointments are generally made on a first-come-first-served basis without considering the priority of the same disease, which will increase the medical risk.
To sum up, the optimal scheduling model is established through the balanced vaccination of 0-14 years old children. By considering the maximum number of people who have the minimum number of vaccination in a scheduling cycle, the daily vaccination and professional service ability are balanced. According to the minimum and maximum interval between the different doses of vaccination, the minimum and maximum vaccination time for each child vaccinated with a certain vaccination is obtained before untimely and erroneous vaccinated happening, according to the rules of the relevant schedule, the specific time for the next dose of the child's vaccination is obtained and the vaccinated person is notified in advance, each child is vaccinated in order within a specified period of time, which can reduce the risk of untimely and erroneous vaccinated and medical risks.
The remainder of this paper is organized as follows. Section II describes the problem and proposes an optimization model. Section III demonstrates the case study and experimental results. The conclusion and discussion are then provided in the last section.
Problem Description and Modeling
Given the number and relevant information of 0-14 year old children who are required to be vaccinated in a scheduling cycle, the relevant information includes: the age of the child (in days). the last vaccination time and the total number of vaccinations, and the next injection of vaccine (Table 1) . It is assumed that the vaccinated children are not contracted, and only one type of vaccine is prescribed (the national vaccine is required to be vaccinated). The minimum interval between two vaccine doses is 28 days. This article considers the schedule for two months, so the scheduling cycle is set to 28-60 days, for a total of 33 days. The question is how to determine the specific time for each child to be vaccinated under a certain vaccination that is to determine the earliest vaccination time and the latest vaccination time for the child to be vaccinated by the age of the child, the dose of the vaccinated vaccine and the minimum interval between the vaccinations (Table  2) . And maximize the number of people who have the minimum number of vaccination days in a scheduling cycle, so that the number of people vaccinated daily is balanced and the professional service ability is balanced. 
Notations. As follows:
. The collection of children's numbers. 
The objective function (3) is to balance the number of people vaccinated each day, that is, the total number of vaccinations per day will be re-circulated. The number of days with a smaller number of vaccinations will be re-arranged for those who meet the criteria. The number of days with higher numbers of vaccinations will not be re-arranged for the time being (The day with the minimum number of vaccinations was maximized, and the total number of vaccinations included the number of people who had been previously scheduled and the number of people in the cycle 
Constraint (5) assures that the child should be vaccinated more than equal to the minimum time, constraint (6) illustrates that the child should be vaccinated less than equal to the maximum time (vaccination time cannot exceed the prescribed time window). Constraint (7) Indicates the child's specific time. Constraint (8) indicates that a child vaccinated within one day cannot exceed two doses. Constraint (9) means that the same child, the same dose of the same vaccine can only be played on the same day and cannot be divided into two days. The last constraint (10) indicates that the decision variable is a 0-1 variable and makes sure is nonnegative.
A Case Study
In this part, we studied a case based on the Nanshan District Vaccination Center in Shenzhen. The center is mainly responsible for 101 communities. Through on-the-spot investigations and interviews, we learned that there are two main difficulties in the current stage: For the vaccination center, the number of vaccination randomly achieved; vaccination professionals are difficult to schedule. For the vaccinated people, there is no reminder of the vaccination time, and it is easy to untimely and erroneous vaccinated; when reaching the vaccination station, sometimes people are congested and the vaccination satisfaction is poor. In the above situation, we scheduled children who are coming from October to December 2017 and schedule the next time based on the information of children vaccinated every day for 2 months, and analyze the relevant results to arrive at a reasonable schedule. Children who will be vaccinated each day in the future can use this method to schedule rolling.
IBM ILOG CPLEX© is used to implement the computing and scheduling for the case study. Figures 1 and 2 (exemplified by the data section) show that the vaccinated people is random to the number of vaccinations. It can be seen that it is a large difference in the number of vaccinations per day, and it is a large standard deviation in the number of vaccinations per cycle. The paper establishes a mathematical model to perform the corresponding vaccination time equalization schedule. The results are shown in Table 3 . The corresponding results are shown in Figures 3. As can be seen in Figure 3 , the number of people who have been vaccinated after one cycle per day. After a one-cycle, the total number of vaccinations that are finally scheduled each day basically tends to be equal, and the number of individuals fluctuates slightly from 17 to 18 and tends to be balanced. Figure 4 shows that after the schedule is completed, the standard deviation for each cycle is small. Therefore, according to the mathematical model of this paper, the scheduling effect is obviously better than the original vaccination station. Times  Sum  Times  Sum  1  2  5  15  25  35  45  60  1  0  1  0  3  0  9  0  14  -17  -17  61  -1  1  2  4  1  9  0  14  0  17  -17  62  ---1  4  1  9  0  14  0  17  -17  63  ---1  3  0  9  0  14  1  17  -17  64  ---4  4  1  9  0  14  0  17  -17  65  -----1  9  1  14  0  16  -17  66  -----0  9  1  14  0  17  -17  67  -----0  9  1  15  0  17  -17  68  -----0  8  0  14  1  17  -18  69  -----0  9  0  14  2  17 -18
Conclusion and Discussion
From a quantitative point of view, this study considers the needs of both the recipient and the vaccination station, and draws out the specific vaccination time for children, avoiding untimely and erroneous vaccinated, and making the number of vaccinations balanced each day. It provides some reference for the vaccination center to make relevant decisions. Although this article does not consider the second-class vaccines and alternative vaccines, the schedule of the second-class vaccines can still use this model, but only increase the types of vaccines that need to be vaccinated. How to extend the model to consider vaccination schedules such as the spread of different outbreaks and the control of the situation is an important direction for follow-up studies.
